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What is claimed is: 

1 A process for treating a halogen-containing gas, comprising: 

providing a treatment gas that includes at least one halogen-contammg gas; 
5 mixmg at least one gaseous reducing agent wUh the treatment gas resultmg m a 

feed gas mixture; and 

generating a non-thermal plasma in the feed gas mixture in the presence of a 

liquid to reduce the halogen-containing gas. 

,0 2 A process according to claim I. wherein the treatment gas compnses a mixture of 
about 0.000001 to about 25 volume % halogen-containing gas and at leas, one non- 

halogenated gas diluent. 

3 A process according to claim I . wherein the temperature of the feed gas nt.xture 
, 5 does no, exceed about lOOX during generation of the non-themtal plasma. 



4. A process 



according to claim 1, wherein the liquid comprises water. 



20 



5 A process according to claim 1 , wherem the reducing agent is selected from 
hydrogen, hydrocarbon, ami^onia, hydrazine, hydride, amine, and amide. 

6. A process according to claim 1 , wherem the liquid absorbs the heat produced from 
the reduction of the halogen-containing gas. 

25 7. A process accordrng to claim I, wherein ,he non-thermal plasma compnses a silen, 

discharge plasma. 

8. A process according ,o claim I . wherein the liqmd has a boiling point of less than 
about 150°C and a heat of vaporization of at least about 35 kJ/mole. 
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9 A process for treating a halogen-containing gas. compnsmg: 
■ introduc.gahalogen-cont..nggasandareducingagent.ntoachan.ber, 

introducing a liquid into the chamber; 

generating a non-thermal plasma in the chamber to reduce the halogen- 

containing gas; and 

exhausting ,he resulting reduction product from the chamber. 

I Q wherein the liquid flows through the chamber 
10. A process according to clami 9, wherein inc uq 

10 during generation of the non-thermal plasma. 

, , A process according to clatm 10, wherein the halogen-containing gas and the 
dulrl.nowthroughthechamberinanrst current dtrcctton and thcl„u.d.ows 

;:::h.h;chambcri„aseco„acu.c„td,rec..o„.ha,issubstant,aU.co-curre„twtth 

1 5 the first current direction. 

,2 A process according to claim 10, wherein the halogen-containing gas and the 
dulalentflowthroughthcchamberinaftrst current directton and theltqutdo^^^^ 

illhth! Chamber inasecond current dtrecion that is substa„tiall,counter-c„rrent 
20 with the first current direction. 

and the h,uid flows as a film over at leas, a portion of the electrode. 

25 ,4 A process according to claim ,3, wherein the reducing agent ,s a gas that ,s 

introduced tnto the chamber b, bubbhng the gaseous reduc.ng agent through the l„u,d 

film. 

according to claim 9. wherein the liquid comprises water. 



15. A process; 
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,s according to claim 13. wherein the non-thermal plasma is generated at or 



16. A process 
near a surface of the liquid film. 



5 17. A process according to claim 9, wherem the reducing agent is selected from 
hydrogen, hydrocarbon, ammonia, hydrazine, hydride, amine, and amide. 

1 8. A process according to claim 9, wherein the liquid absorbs the heat produced from 
the reduction of the halogen-containing gas. 



10 
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1 9. A process according to claim 9, wherein the non-thermal plasma comprises a silent 

discharge plasma. 

20 A process according to claim 9. wherein the temperature of the halogen-contaming 
gas. the reducing agent, and the resulting reaction product do not exceed about 100°C 
during generation of the non-thermal plasma. 

21 . A process according to claim 9, wherein the liquid has a boiUng point of less than 
about 150°C and a heat of vaporization of at least about 35 kJ/mole. 

22 A process for treating a halogen-containing gas, comprising: 

providing a treatment gas that includes at least one halogen-contaming gas; 
mixing at least one gaseous reducing agent with the treatment gas resulting in a 

feed gas mixture; 

generating a non-thermal plasma in the feed gas mixture in the presence of 
hquid water to produce a reaction product mixture that includes a water-soluble 
halogen-containing reduction product; and 

separating the water-soluble halogen-containing reduction product from the 

reaction product mixture. 
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23. A process 
scrubbing. 



according to claim 22. wherein the separating step comprises aqueous 



5 24 A process for treating a halogen-containing gas. comprising: 

providing a treatment gas that includes at least one halogen-contatntng gas; 
mixing at least one gaseous reducng agent with the treatment gas resul.tng m a 

feed gas mixture; 

generating a non-thermal plasma in the feed gas mixture in the presence of 
, „ „,uid water to reduce the halogen-containtng gas and produce a water-soluble halogen- 

containing reduction product; and 

dissolving at least a portion of the amount of the water-soluble halogen- 
containing reduction product into the liquid water. 

15 25 A process for treating a halogen-containing gas, comprising: 

providing a treatment gas that includes at least one halogen-contamn.g gas; 
n..mg at least one gaseous reducing agent with the treatment gas resultmg m a 

feed gas mixture; and . j . 

generating a plasma in the feed gas mixture in the presence of liquid water to 

20 reduce the halogen-containing gas. 

26 A process according to clatm 25. where.n the treatment gas compnses a mixture of 
about 0.000001 to about 25 volume % halogen-containing gas and at least one non- 
halogenated gas diluent. 



25 



27. A process aceordmg to clatm 25. wherein the temperature of the feed gas m.xture 
does not exceed about 100»C during generation of the plasma. 
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ain. to Claim 25, wherem the reducing agent is selected from 
28. Aprocessaccordmgtocla.m ^ ,,,„e, and am.de. 

hydrogen, hydrocarbon, ammonia, hydrazme. n> 

H- ..o claim 25 wherein the liquid water absorbs the heat 
29 A process accordmg to claim Z3, 

5 produced fron- .he reduc.ion of .he halogen-eon.ai„,ng ^as, 
50 A process for .rea.ingnuori„e gas, comprising: 

:;:;;:rrr;::"^ 

10 mixture; and ^ ^^„^ert the fluorine 

generating a non-thermal plasma m the feed ^a 

gas to hydrogen fluoride gas. 

d,n. to claim 30, wherem the treatment gas further comprises at 

3 1 . A process accordmg to claim ju, 
15 least one non-halogenated gas. 

1 -n.^,! wherein the non-halogenated gas comprises 

32. A process according to claim .1, wherein 

nitrogen. 

ain. to claim 30, wherein the treatment gas comprises about 
20 33 A process according to claim ju, 

0.000001 to about 25 volume % fluorine gas. 

1 • wherein the reducing agent is selected from 
34 A process according to claim .0, wherem m 

o hvMra/ine hvdride. amine, and amide, 
hydrogen, hydrocarbon, ammonia, hydrazine, hy 



\ 25 

35. A process 



,,.rdingtoclaim30. wherein the reducingagentcompriseshydrogen. 

35. wherein the amount of hydrogen mixed with the 



36 A process according to claim 
n„„r.cgas.a.ou,0...oabou.4:,H.,P.a.on,.o>arra.,o. 
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37. A process according to Cairn 30. lunhe, comprising d,ssolv,„8 the hydrogen 
fluoride in water. 

5 38 A process for treating fluorine gas, comprising: 

providing a treatment gas that includes fluorine gas; 

.ix.ng at least one gaseous reducmg agent with the treatment gas resultmg m a 

feed aas mixture; and 

generating a non-thermal plasma u. the feed gas mixture in the presence ot a 

10 liqmd to convert the fluonne gas to hydrogen fluoride gas. 

Hina tn claim 38 wherein the treatment gas further comprises at 
39. A process accordmg to claim jo, wucit 

least one non-halogenated gas. 



15 



Hino to Claim 39 wherein the non-halogenated gas comprises 
40. A process accordmg to claim j^, wn^i^ 



nitrogen. 



20 
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J- . 1.;,^ wherein the treatment gas comprises about 
41 . A process according to claim j8, wherein me uc 

0.000001 to about 25 volume % fluorine gas. 

42 A process according to claim 38, wherein the reducmg agent is selected from 
hydrogen, hydrocarbon,, ammonia, hydrazine, hydride, amine, and amide. 

43. A process according to claim 38. wherein the reducing agent comprises hydrogen. 

44. A process according to claim 43, wherem the amount of hydrogen mixed with the 

• u t A '; i trv ihout 4-1 H->:Ft atom molar ratio, 
fluorine gas is about 0.5 . 1 to about 4. i . 
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45. A process according to claim 38, further comprising dissolvmg the hydrogen 
fluoride in water. 

46. A process according to claim 38, wherein the liquid comprises water. 

47. A process accordmg to claim 44, wherein the liquid comprises water. 

48. A process according to claim 38, wherein the liquid has a boiling point of less than 
about 150°C and a heat of vaporization of at least about 35 kJ/mole. 

10 

49. A process for treating fluorine gas, comprising: 

providing a treatment gas that includes fluorine gas; 

mixing at least one hydrogen-donating gas with the treatment gas resulting in a 

feed gas mixture; and 

, 5 generating a non-thermal plasma in the feed gas mixture m the presence of water 

to convert the fluorine gas to hydrogen fluoride gas. 

50. A process for treating fluorine gas, comprising: 
introducing fluorine gas into a chamber; 
20 introducing a reducing agem into the chamber; 

generating a non-thermal plasma in a mixture that includes the fluorine gas and 
the reducing agent contained in the chamber to reduce the fluorine gas to hydrogen 
fluoride; and 

exhausting the hydrogen fluoride from the chamber. 

5 1 . A process according to claim 50. further comprising introducing a liquid into the 

chamber. 
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52 A process according to claim 5 1 . wherein the chamber contains at least one 
electrode and the liquid flows as a film over at least a portion of the electrode. 

53 A process according to claim 52, wherein the reducing agent is a gas that is 

5 introduced into the chamber by bubblmg the gaseous reducmg agent through the hqu.d 
film. 

54. A process according to claim 5 1 , wherein the liquid comprises water. 

,0 55. A process according to claim 50, wherein the fluorine gas is included in a mixture 

with nitrogen. 

56 A process according to claim 50, wherein the reducing agent is selected from 
hydrogen, hydrocarbon, ammonia, hydrazine, hydride, amine, and amide. 

• 57 A process for treafing a halogen-containing ga^ comprising: 

providing a chamber defining at least o^gas inlet for receiving a teed gas 
n^ixture that includes a halogen-contaimng/s and a gaseous reducing agent, and at 
least one water inlet for receiving liquidAater; 
20 providing at least one first elp^rode disposed within the chamber; 

providing at least one sec/d electrode disposed within the chamber; 
flowing the Hquid wat/over at least a portion of the first electrode; and 
applving electric po/nt,al to the first and second electrodes so as to generate a 
plasma in the feed gas n^^xture and reduce the halogen-containing gas. 

^ % A process according to claim 57, wherein a dielectric barrier is disposed on a 
0 \ / surface of at least one of the first or second electrodes and the generated plasma 
% / comprises a non-thermal plasma. 
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59. A process according .o claim 57, further comprising providing gas/.i,uid scrubb,„g 
pacliing material wilhin the chamber. 

60 A process for treating a halogen-containing gas. comprising: 

providing a chantber defintng at least one firs, gas tnle. for receiving a halogen- 
containing gas, and at least one water inlet for receiving liquid water: 

providing at least one first electrode dtsposed within the chamber and defin.ng at 
least one second gas inlet for receiving a gaseous reducing agent; 

providing at least one second electrode disposed within the chamber: 
flowing the liquid water over at least a portion of the first electrode: 
mtroducing the gaseous reducing agent through the liquid water and ,nto the 
chamber so as to mix with the halogen-containing gas and form a feed gas mixture: and 

applying electric potential to the first and second electrodes so as to generate a 
plasma in the feed gas mixture and reduce the halogen-containing gas. 

6, A process according to claim 60, wherein a dielectric barrier is disposed on a 
surface of a. least one of the first or second electrodes and the generated plasma 
comprises a non-thermal plasma. 

62. A process according to claim 60. further comprising providing gas/liquid scrubbing 
packing material within the chamber. 



63 A plasma reactor apparatus, comprising: 

a chamber defining at least one first gas mlet for receiving a first gas. and at 
25 least one water inlet for receiving liquid water; 

at least one first electrode disposed with.n the chamber and definmg a first 
surface that .s m fluid commumcation with the water inlet for receiving liquid water, 
and at least one second gas inlet for receiving a second gas; and 
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at least one second electrode deposed within the chamber and opposing the first 

surface ofthe first electrode; 

wherein a dielectric barrier is disposed on a, leas, one of .he f.rs. surface of *e 

first electrode or a surface ofthe second electrode. 

64. An apparatus according to claim 63. .herein the firs, electrode defines a pluraltty 

of second gas inlets. 

65. An apparatus according to claim 63, further compnsmg gas/liquid scrubbing 
1 0 packing material disposed within the chamber. 

66. An apparatus accordmg to claim 63, further comprising an electrochemical cell that 
is in fluid communication with the second gas inlet. 



15 



67. An appararus accordmg .o clain, 63. wherein .he first electrode defines a cylinder 
shape and is immersed in the liquid water. 



68 An appararus according .o claim 63, comprising a plurality of spaced-apart firs, 
electrodes and a pluraliry of second gas ,nle.s defined by .he spaces be.ween ,he spaced- 
20 apart first electrodes. 

69. A system for treating a halogen-contaimng gas, comprising: 
a plasma reactor for reducing halogen-containing gas; 

a halogen-containing gas source m fluid commumcation with the plasma reactor; 
.5 a reducing agent source in fluid communication with the plasma reactor; and 

a liquid source in fluid communication with the plasma reactor. 

70 A system for treating fluorine gas. c/mprising: 

a non-thermal plasma reactor f/converting fluorine gas to hydrogen fluoride; 

/ 

/ 
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a fluorine gas source in 
reactor; 



fluid ctmmunication with the non-thermal plasma 



a hydrogen gas sourc;. in fluid communieation with the non-thermal plasma 

reactor; and / 
5 a liquid waj^^urce in fluid communication with the non-thermal plasma 

reactor. 

jXAl a system according to claim 70. wherein the fluorine gas source comprises an 
effluent gas from a manufacturing process. 



/ 
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72 A system according to claim 70, further comprising a gas/li,uid scrubber unit in 
nuid communicatton with a hydrogen fluoride exhaust outlet from the non-the^al 

plasma reactor. 

, 5 73 A system according to clatm 70. further comprising a water recycling conduit that 
is ,n fluid communication with the non-thermal plasma reactor and the liqutd water 

source. 



74. A plasma reactor apparatus, comprising: 

20 a chamber; 

means for generating a uon-thermal plasma in the chamber that tncludes at least 

one electrode; 

means for introducing a liqutd over at least a ponion of the electrode; and 
means for bubbling a first gas through the liqutd for reaction in the non-themtal 

25 plasma. 



75. An apparatus 
second gas into the chamber 



according to claim 74. further comprising means for introducing a 
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76. An apparatus according to claim 74, wherein the electrode defines a boundary 
along which the liquid can flow. 

77. An apparatus according to claim 74, further comprising means for introducing the 
5 first gas through the electrode and into the liquid. 
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78. A plasma reactor apparatus, comprismg: 
a chamber having an interior void; 

means for generating a non-thermal plasma in the imerior void of the chamber 
that includes at least one electrode; 

means for introducing a liquid over at least a portion of the electrode; 

means for introducing a first gas through the liquid and into the interior void of 

the chamber; and 

means for introducing a second gas into the interior of the chamber. 



79. An apparatus according to claim 78, further comprising means for 
lectrochemically generafing the first gas. wherein the electrochemical means is in fluid 
communication with the means for introducing the first gas into the interior void of the 
chamber. 



e 
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